ABSTRACT The objective of this study was to evaluate the nutritional value of Glutenol, a new coproduct of the ethanol industry. Glutenol was produced by Quality Technology International, Elgin, IL, in a modified wet-milling plant using a hybrid process, NextGenFrac, which fractionates the corn kernel components prior to fermentation without the use of sulfur dioxide. Glutenol was analyzed to contain 52.3% CP, 1.7% Met + Cys, 1.32% Lys, 1.69% Thr, and 2.23% Val on a DM basis. Two precision-fed rooster assays with conventional and cecectomized roosters were conducted to determine TME n and standardized digestibility of amino acids (AA), respectively. The TME n of Glutenol was determined to be 3,256 kcal/kg DM. Standardized digestibility values for Lys, Met, Cys, Thr, and Val were 80.1%, 90.4%, 80.1%, 74.1%, 81.1%, and 84.9%, respectively. In addition, a 3-wk broiler chick assay was conducted with increasing levels of dietary Glutenol. Diet 1 was a standard corn/soybean meal diet with 0% Glutenol. Diets 2, 3, and 4 had increasing levels of Glutenol at 4%, 8%, and 12%, respectively. Diets were fed from 3 to 22 d post-hatch and all diets were formulated to be equal in TME n and digestible AA. Weight gain, feed intake, and gain/feed ratio were measured. No differences in growth performance were observed among dietary treatments. In conclusion, Glutenol can be fed up to at least 12% in the diet of broiler chickens if diets are formulated to be equal in ME and digestible AA.
INTRODUCTION
Ethanol co-products are fed to many animal species. The poultry industry utilized approximately 8% of the corn distillers dried grains with solubles (DDGS) produced in 2015 (Renewable Fuels Association, 2016) . There has been a substantial amount of growth in the quantity and type of ethanol co-products that are produced. In 2015, 55.6 billion liters of ethanol for high-octane renewable fuel was produced along with 40 million metric tons of DDGS for animal feed (Renewable Fuels Association, 2016) . As of January 2016, 90% of fuel ethanol was produced using a dry-grind process, while 10% of fuel ethanol was produced using a wet-milling process (Renewable Fuels Association, 2016) . The wet-milling process is used to gain more value in the co-products. In wet-milling, the grain is steeped in water and diluted with SO 2 for 24 to 48 h, which facilitates separation of the grain components. A new ethanol coproduct ingredient, Glutenol, has been developed by Quality Technology International, Elgin, Il, using a hybrid process called NextGenFrac in a modified wet milling plant. During C 2018 Poultry Science Association Inc. Received February 7, 2018 . Accepted June 19, 2018 Corresponding author: poultry@illinois.edu this process, corn is fractionated into the corn kernel components (germ, fiber, protein, and starch) prior to fermentation without the use of sulfur dioxide in order to separate fiber. The objectives of this study were to determine the TME n and standardized amino acid digestibility of Glutenol for poultry using a precision-fed rooster assay and to determine the effect of diets containing increasing levels of Glutenol on broiler growth performance.
MATERIALS AND METHODS
The protocol for this study was reviewed and approved by the Institutional Animal Care and Use committee.
Test Ingredients
Glutenol (Quality Technology Ingredients, 1707 N. Randall Rd, Ste. 300 Elgin, IL), a high protein ethanol co-product produced in a modified wet milling plant using a hybrid process called NextGenFrac, was evaluated. In addition, a sample of commercial solvent-extracted dehulled soybean meal was evaluated to provide a comparison of Glutenol to a commonly used high-protein ingredient in poultry diets. The feed ingredients were analyzed for calcium, phosphorus, and 3987 sodium using inductively coupled plasma spectroscopy (Method 985.01 A, B, C: AOAC International, 2007) .
TME n and Amino Acid Standardized Digestibility
Two precision-fed rooster assays were conducted to determine TME n and standardized amino acid digestibility. Single comb white-leghorn roosters were fasted for 26 h and subsequently tube-fed 30 g of the test product, Glutenol or dehulled soybean meal. Conventional roosters (8 per ingredient) were used to determine TME n and cecectomized roosters (8 per ingredient) were used to determine standardized amino acid digestibility. After tube feeding, each individual rooster was placed into an individual cage with a collection tray underneath. Excreta were collected quantitatively for 48 h after tube feeding. The excreta were then freeze dried, weighed, ground, and analyzed. Feed samples and excreta samples from conventional roosters were analyzed for gross energy using an isoperibol bomb calorimeter (Model 6300; Parr Instruments, Moline, IL), CP by combustion (Method 990.03; AOAC International, 2007) and TME n was calculated as described by Parsons et al. (1982) . Excreta from the cecectomized roosters were analyzed for amino acids at the Agricultural Experiment Station Laboratory, University of Missouri-Columbia using method 982.30 E (a, b, and c; AOAC International, 2007) . Endogenous amino acid losses were determined using roosters that had been fasted for 48 h and then those values were used to calculate standardized amino acid digestibility values.
Broiler Chicken Experiment
Ross 308 male broiler chicks were housed in thermostatically controlled starter battery cages with raised wire floors in an environmentally controlled room. Chicks were weighed, wing banded, and allotted to pens at 3 d post-hatch. There were 5 chicks per pen and each pen had an average starting weight of 44.5 g per chick.
The experimental diets and water were provided for ad libitum consumption from 3 to 22 d of age. At the end of the experiment, at 22 d of age, all chicks and feeders were weighed and recorded for analysis. Body weight gain, feed consumption, and feed efficiency were then calculated for each pen of chickens.
All diets were formulated to be equal in TME n and digestible amino acids based on the TME n values and standardized amino acid concentrations values of Glutenol and dehulled soybean meal determined in the precision-fed rooster assays. A TME n value of 3,470 kcal/kg (NRC, 1994) was used for the corn and a TME n value of 8,800 kcal/kg was used for the soybean oil. The digestible amino acid concentrations for the corn were calculated based on NRC (1994) 1 was a corn-soybean meal control diet and diets 2, 3, and 4 were the corn-soybean meal diet plus 4%, 8%, or 12% Glutenol, respectively. The composition of the 4 diets is shown in Table 1 . In addition, the analyzed CP, calcium, phosphorus, sodium, and amino acid values (determined using the procedures described above) for the 4 diets are shown in Table 1 .
Statistical Analysis
The TME n and standardized amino acid digestibility values for the Glutenol and soybean meal were analyzed by ANOVA using SAS (SAS Institute, Inc., 2010) . Data from the broiler chicken assay were also analyzed using the ANOVA procedure of SAS (SAS Institute Inc., 2010) for completely randomized designs. Statistical significance of differences among individual treatments for the broiler assay was assessed using the least significant difference test. Significance was assessed at P < 0.05.
RESULTS AND DISCUSSION

Rooster Assays
The analyzed CP, Ca, total P, Na, gross energy and determined TME n for Glutenol and soybean meal are shown in Table 2 . The CP of Glutenol was determined to be 52.3% on a DM basis and is substantially increased from the CP value of 29.5% (DM basis) for conventional DDGS (NRC, 1994) and was also similar to the CP of the dehulled soybean meal which was analyzed to contain 54.3% CP on a DM basis. The CP of conventional DDGS has been reported to range from 27 to 34% (Belyea et al., 2004; Batal and Dale, 2006; Belyea et al., 2010) for DDGS containing approximately 9% ether extract. The TME n of Glutenol was determined to be 3,256 kcal/kg of DM which is significantly greater than the determined TME n value of the dehulled soybean meal. The TME n value of 3,256 kcal/kg of DM is only slightly less than the value of 3,330 kcal/kg of DM listed in the NRC (1994) for DDGS containing 9% ether extract and the value reported by Batal and Dale (2006) of 3,279 kcal/kg DM, also for DDGS containing a mean of 9% fat. When comparing the TME n value of Glutenol with high-protein DDGS products evaluated in earlier studies, the ME of the Glutenol is generally higher than that of DDGS products containing increased protein levels. For example, Kim et al. (2008) reported that the TME n of a high-protein DDGS containing 44% CP (DM basis) was 2,957 kcal/kg DM. In addition, the mean TME n of 8 samples of high-protein DDGS (mean = 48% CP) was 3,130 kcal/kg DM (Jung and Batal, 2009 ). Rochell et al. (2011) reported that the AME n of a high protein DDGS containing 46.6% CP (DM basis) was 2,879 kcal/kg DM when determined in broiler chickens. Also, in the latter study, the AME n of an even higher-protein DDGS containing 62.2% CP (DM basis) was 3,179 kcal/kg DM. Kim et al. (2010) reported a high TME n value of 3,656 kcal/kg DM for an enzymatic-milled DDG containing 61% CP on a DM basis. The latter ingredient contained a very low level of NDF (6.8%) due to removal of both germ and pericarp fiber. The level of NDF in Table 2 . Analyzed composition and TME n of Glutenol and dehulled soybean meal (DM basis). The TME n of Glutenol was significantly different from dehulled soybean meal (P< 0.05).
Values are means of 8 individually-caged conventional roosters.
DDGS samples is usually approximately 35 to 37% on a DM basis (Kim et al., 2010) . Thus, the ME of DDGS can be increased greatly by processing to increase its CP and decreasing its fiber content. It is important that when CP is increased, the fiber is also reduced and the fat is not reduced as shown by Adeola and Zhai (2012) . In the latter study, the ME n of DDG was substantially lower than DDGS because the fiber was higher and the fat was lower in DDG than DDGS even though DDG was slightly higher in CP. As expected, due to the increased CP level, the total amino acid concentrations in Glutenol (Table 3) were increased relative to conventional DDGS (NRC, 1994) . For example, the total Lys concentration for Glutenol was 1.32% compared with conventional DDGS at 0.81% on a DM basis (NRC, 1994) . Total amino acid concentrations in Glutenol for Met, Thr, Val, Arg, and Ile were 0.88%, 1.69%, 2.23%, 1.65%, and 1.88%, respectively (Table 3) . For standardized amino acid digestibility values, in many cases, Glutenol had values that were not different from those of soybean meal. The standardized amino acid digestibility values for Glutenol are generally similar to those reported in other studies for highprotein DDGS ingredients. Using cecectomized roosters, de Godoy et al. (2009) reported that most standardized amino acid digestibility values for a corn protein product containing 49.7% CP on a DM basis were not different from those determined herein for Glutenol. One exception was that the standardized digestibility of Lys in the corn protein product was only 55.5% compared with a higher value of 74.1% in the current study. In 2 other previous studies, standardized amino acid digestibility values determined in cecectomized roosters for a high-protein DDGS product containing 44% CP (Kim et al., 2008) and 8 samples of a high-protein DDG (mean of 48% CP; Jung and Batal, 2009 ) were similar to the values obtained in the current study for Glutenol. In contrast, the cecectomized rooster standardized amino acid digestibility values for a very highprotein (61% CP) enzymatic-milled DDG (Kim et al., 2010) were generally slightly increased when compared with the values for Glutenol. The very low fiber content of the enzymatic-milled DDG may have contributed to the higher amino acid standardized digestibility values. In addition, when comparing Glutenol to conventional DDGS rather than high-protein DDG or DDGS, the amino acid digestibility values for Glutenol in cecectomized roosters were similar to those for conventional DDGS in cecectomized roosters (Adedokun et al., 2009 ). However, it has been shown that amino acid digestibility values for DDGS can vary among bird types (broiler chickens, laying hens, roosters), bird age, and type of diet used to estimate endogenous amino acid losses (Adedokun et al., 2008; . Listed in Table 3 are the digestible amino acid concentrations for Glutenol and dehulled soybean meal. Although the digestible Lys content is much higher in Glutenol when compared with a calculated value for conventional DDGS (NRC, 1994), the digestible Lys content of Glutenol is still lower than in the soybean meal. In contrast, the digestible amino acid concentrations for Met, Cys, Pro, Ala, and Leu are higher in Glutenol compared with the soybean meal. The higher digestible content of Met and Cys is particularly important for poultry nutrition because these amino acids are the first limiting in most poultry diets. Glutenol was determined to contain 0.80% digestible Met vs 0.69% in soybean meal and digestible Cys was 0.66% for Glutenol and 0.57% for soybean meal.
Broiler Chicken Assay
As indicated earlier, all diets were formulated to be equal in TME n and digestible amino acids based on the precision fed rooster assay results for Glutenol and soybean meal. In Diets 1 and 2, the CP level was 22% and in Diets 3 and 4, the CP level was 22.9% and 23.8%, respectively (Table 1 ). The protein level increased for Diets 3 and 4 to meet the digestible Arg requirement, which was 1.26%. When Glutenol was added at 8% and 12%, the digestible Arg requirement could not be met unless the dietary protein level was increased. Alternatively, L-Arg could have been added to the diets to maintain a consistent 22% CP level in all diets, but L-Arg is not currently supplemented in commercial broiler diets because it is too expensive. Therefore, in the attempt to simulate commercial diet formulation, L-Arg was not added to the diets containing Glutenol. Body weight gain, feed intake, and gain/feed ratio were not statistically different among any of the 4 treatments (Table 4) . These results indicate that Glutenol can be included in broiler chicken diets from 3 to 22 d of age at levels of at least 12% with no significant effects on growth performance if the diets are formulated to be equal in TME n and digestible amino acids. Applegate (Lumpkins et al., 2004; Loar et al., 2010; Shim et al., 2011; Guney et al., 2013) .
The results of the current study indicate that the new ethanol co-product, Glutenol, has substantial nutritional value for poultry. Furthermore, based on current results for CP, digestible amino acids, and TME n , Glutenol has greatly increased nutritional value compared with published values for conventional DDGS.
